Mg i lines and from the MgH band is unacceptable. This difference is attributed to the hydrogen-deficiency or helium-enhancement in their atmospheres. These metal rich hydrogen-poor or helium-rich giants provide an important link to the evolution of the metal-rich sub population of ω Cen. These stars provide the first direct spectroscopic evidence for the presence of the He-enhancement in the metal rich giants of ω Cen.
Introduction
The brightest and the most massive Galactic globular cluster (GGC) ω Cen exhibits a large spread in metallicity ([Fe/H)] and other abundance anomalies among the cluster stars (Johnson & Pilachowski 2010; Simpson & Cottrell 2013; Sollima et al. 2005) including the existence of multiple stellar population with the cluster dwarfs/giants having normal helium, and enhanced helium or relatively hydrogen-poor (H-poor) atmospheres (Piotto et al. 2005; Villanova et al. 2007; Dupree & Avrett 2013 ).
The doubt is that these relatively H-poor or He-rich giants appear metal rich, than they really are, due to the lower continuum absorption. Note that the spectra of H-poor Fand G-type supergiants, R Coronae Borealis (RCB) and the H-deficient carbon (HdC) stars, appear metal rich when compared with the spectra of normal F-and G-type supergiants (Pandey et al. 2004) . This is ascribed to the lower continuum opacity in the atmosphere due to H-deficiency. Hence, these stars appear more metal rich than they actually are (Sumangala Rao et al. 2011) . The origin and evolution of these enigmatic stars, RCB/HdC,
are not yet clear due to their rarity and chemical peculiarity.
A low resolution optical spectroscopic survey was conducted among the giants of ω Cen for idetifying new R Coronae Borealis (RCB) stars (Hema & Pandey 2014) . Identifying RCB stars in a globular cluster gives an idea of their position on the HR-diagram and is a potential clue to understand their origin and evolution. Hema & Pandey (2014) survey resulted in the discovery of four mildly H-deficient giants in ω Cen. For two out of these four giants, high resolution spectra were obtained along with their comparison stars with similar stellar parameters as these two giants. In this paper we have conducted a detailed high resolution spectroscopic analyses for two mildly H-deficient giants along with their comparison stars to confirm their H-deficiency or the He-enhancement.
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Observations and data reduction
The high-resolution optical spectra were obtained using Southern African Large Telescope (SALT) − high resolution spectrograph (HRS)
1 . These spectra obtained with the SALT-HRS are having a resolving power, R (λ/∆λ) of 40000. The spectra were obatined with both blue and red camera using 2K × 4K and 4K × 4K CCDs, respectively, spanning a spectral range of 370−550 nm in the blue and 550−890 nm in the red.
The spectral reductions were carried out using the IRAF software. The traditional data reduction procedure including, bias subtraction, flat field correction, spectrum extraction, wavelength caliberation, etc. were followed.
The extracted and wavelength calibrated 1d spectra were continuum normalized.
The region of the spectrum with maximum flux points and free of absorption lines were considered for continuum fitting with a smooth curve passing through these points. To improve the signal-to-noise, the observed spectra of the program stars were smoothed such that the strength of the spectral lines are not altered. The signal-to-noise ratio per pixel of the smoothed blue spectra of the program stars at about 5000Å is ∼ 150 and for red spectra at about 7000Å is ∼ 200. Since there is a overlap of wavelengths, the spectrum is continuous without gaps in the blue and red spectral range. The atlas of high-resolution spectrum of Arcturus (Hinkle et al. 2000) was used as a reference for continuum fitting and also for identifying the spectral lines.
Abundance Analysis
In order to conduct a detailed abundance analysis, the equivalent widths for weak and strong lines of several elements, that are clean and also not severely blended for both neutral and ionized states were meaured using different commands in IRAF.
The wavelength calibrated spectrum of a program star (LEID 39048) was used to measure the shift of the spectral lines from the rest wavelengths; Hinkle et al. (2000) 's atlas of Arcturus was used as reference. Adopting LEID 39048's spectrum as a template, the radial velocities and the uncertainties involved were determined for other program stars using the task f xcor in IRAF. Then the heliocentric corrections were applied to these radial velocities. The heliocentric velocities for the program stars are given in Table 1 , and are in good agreement with the mean velocity of the cluster, V r = 233 km s −1 , with the dispersion ranging from 15 to 6 km s −1 from center to outwards, respectively (Mayor et al. 1997 ).
For determination of stellar parameters and the elemental abundances, the LTE line analysis and spectrum synthesis code MOOG (Sneden 1973 ) and the ATLAS9 (Kurucz 1998 ) plane parallel, line-blanketed LTE model atmospheres were used.
The microturbulence (ξ t ) is derived using Fe i lines having similar excitation potential and a range in equivalent width, weak to strong, giving the same abundance. The effective temperature (T eff ) is determined using the excitation balance of Fe i lines having a range in lower excitation potential. The T eff and ξ t were fixed iteratively. The process was carried out untill both returned zero slope.
By adopting the determined T eff and ξ t , the surface gravity (log g) is derived. The surface gravity is fixed by demanding the same abundances from the lines of different ionization states of a species, known as ionization balance. The surface gravity is derived using the lines of Fe i/Fe ii, Ti i/Ti ii, and Sc i/Sc ii. Then the mean log g was adopted.
-6 -Uncertainty on the T eff and ξ t is estimated by changing the T eff in steps of 25K and ξ t in steps of 0.05 km s −1 . The change in T eff and ξ t and the corresponding change, in the mean abundances from the the mean abundances (of zero slope), of about 1σ error on the the mean abundances (of zero slope) is obtained. This change is adopted as the uncertainty on these parameters. The adopted ∆T eff = ±50 K and ∆ξ t = ±0.1 km s −1 (see Figure 2 ).
The uncertainties on log g is the standard deviation from the mean value of the log g determined from different species, which is about ±0.1 (cgs units). The adopted stellar parameters with the uncertainties are given in Table 1 .
The log g values for the program stars in Hema & Pandey (2014) were derived using the standard relation:
The bolometric correction to M v was applied using the relation given by Alonso et al. (1999) . The distance modulus for ω Cen, (m − M) v = 13.7, and the mass of ω Cen red giants were assumed to be 0.8M ⊙ (Johnson & Pilachowski 2010) . Using the photometric temperatures derived from (J − H) 0 , (J − K) 0 and (b − y) colours in Equation (1) the log g values were derived.
The difference in the log g values derived by us and those derived by Johnson & Pilachowski (2010) are within ±0.1 (cgs units). Hence, the uncertainty on the log g values adopted by Hema & Pandey (2014) was about ±0.1 (cgs units) (for details see Hema & Pandey (2014) ).
Color-magnitude diagram for our program stars and for the sample red giants of Johnson & Pilachowski (2010) is given in figure 1.
-7 - with the sample red giants from Johnson & Pilachowski (2010) . All the photometric data are from Johnson & Pilachowski (2010) . The filled red squares are the H-deficient/He-enhanced giants and the filled blue circles are the normal giants of our sample. The filled black triangles are the sample red giants of Johnson & Pilachowski (2010) . See figure for the keys.
-9 - gives the wavelength (Å), lower excitation potentail (eV), transition probabilities (log gf ), and the measured equivalent widths/log ǫ(E) for that line, for different species. Note. -a log ǫ(E) is the abundance derived for that line. Hence, log g value determined from photometric estimates from our previous studies Hema & Pandey (2014) were adopted. The log g value derived by Hema & Pandey (2014) and Johnson & Pilachowski (2010) are in excellent agreement. The uncertainties on the (T eff , log g) for the program stars derived by Johnson & Pilachowski (2010) are about ±50 K and ±0.15 (cgs), respectively, and that derived photometrically by Hema & Pandey (2014) are about ±100 K and ±0.1 (cgs), respectively, which are in fair agreement.
For abundance analyses, the linelist of Johnson & Pilachowski (2010) was used.
The elements for which the lines are very few or none in Johnson & Pilachowski (2010) list, were adopted from Ramírez & Allende Prieto (2011) . However, to cross examine, the stellar parameters and the Fe abundances were also derived from the Fe i and Fe ii lines of Ramírez & Allende Prieto (2011) for one of the program stars i.e. LEID 34225.
These parameters derived are in line with those determined from the Fe i and Fe ii lines of Johnson & Pilachowski (2010) . The linelist used for the determination of the stellar parameters and the abundances for the program stars are given in Table 2 . The Fe i and
Fe ii lines of Ramírez & Allende Prieto (2011) for LEID 34225 are given in Table 3 . Table 4 gives the abundance ratios ([E/Fe]) for different elements of the program stars. The adopted solar abundances from Asplund et al. (2009) is also given. The typical errors on elemental abundances due to the uncertainties on the stellar parameters and the signal-to-noise are given in Table 5 . The root-mean-square error due to these parameters is given along with the standard deviation in the abundances due to line-to-line scatter, in the last two columns of Table 5 . An Mg i line at 5711Å in our program stars is also synthesized to support the Mg abundance derived from Mg i equivalent width analysis (see Figure 4 ).
-19 - 
Note. -a log ǫ(E) is the abundance derived for that line.
-20 - d n is the number of lines used in the analysis.
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MgH band and the Spectrum syntheses
In our previous study (Hema & Pandey 2014) For their derived stellar parameters, the spectra of these stars were synthesized in the window 5170Å to 5190Å to examine the strengths of Mg b lines and the MgH bands in -25 - Table 5 : Errors due to the uncertainties on the stellar parameters of LEID 34225, defined by ∆(log ǫ i ) = log ǫ i (perturbed) -log ǫ i (adopted). The adopted parameters are T eff = 4265K, log g = 1.3 (cgs), and ξ turb = 1.6 km s −1 .
Species
T eff =−50 log g=−0.1 ξ turb =−0. a Root-mean-square of the error on T eff , log g, ξ t and the error on Signal-to-noise ratio of the spectrum.
b SD, the standard deviation on the abundance due to the line-to-line scatter.
c The error on synthesis due to the error in signal-to-noise is given. Errors due to uncertainties on the stellar parameters for MgH band is discussed in Table 6 . -27 - 
, were used to synthesize the spectra of our program stars. The Mg isotopic ratio, The synthesized spectrum was convolved with a Gaussian profile with a width that represents the instrumental broadening, as the effects due to macroturbulence and the rotational velocity are very small or negligible.
The spectra were synthesized in the wavelength window from 5170 to 5190Å. The Table 2 ) and the Mg abundance from MgH band is derived using pure MgH molecular lines which are not blended with the strong Mg b lines.
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The spectra of the program stars, were synthesized using their derived stellar parameters and the elemental abundances as discussed in section 3. The syntheses of the spectra for the individual program stars are discussed below.
LEID 32169: this is a first group star, which is relatively metal rich having strong Spectrum of the program stars LEID 39048 in the MgH band region was synthesized by changing the stellar parameters within the uncertainties that are discussed in section 3.
Our aim was to explore whether the difference in Mg abundance, from Mg i lines and from MgH band, could be accounted by making changes in the adopted stellar parameters within the uncertainties. The synthesized MgH band for the uncertainties on effective temperature that are +50K and −50K, provides the best fit for the Mg abundance which is about 0.3 dex and 0.5 dex lower than the Mg abundance from Mg i lines, respectively (see Table 6 ).
Similarly, the MgH band is also synthesized for the uncertainties on the log g value that are ±0.1. For the log g values −0.1 and +0.1 of the adopted log g, the synthesized MgH band provides the best fit for the Mg abundance which is about 0.4 and 0.5 dex lower than that derived from the Mg i lines, respectively (see Table 6 ).
-34 -Similar excercise was done with the uncertainties on the microturbulence; the strength of the synthesized MgH band show no appreciable difference with the change in microturbulence.
LEID 34225: This is a third group sample star which is relatively metal rich having strong Mg b lines and the MgH band. From our previous study (Hema & Pandey 2014) , that is the low resolution spectroscopic studies of ω Cen giants, this is one of the mildly H-deficient stars of our sample giving a very low Mg abundance than expected for its metallicity and also from the mean Mg abundance of the ω Cen giants. This low Mg abundance was derived by synthesizing the MgH band for the star's adopted stellar parameters using the observed low resolution spectrum.
A high-resolution spectrum is used in the present study. Figure 9 shows the synthesis of the MgH band for the best fit Mg abundance, for the derived Mg abundance from Mg i lines, and also for a lower Mg abundance than that provided the best fit.
The spectra of the MgH band region were synthesized by changing the stellar parameters within the uncertainties that are discussed in section 3. Our aim was to explore whether the difference in Mg abundance, from Mg i lines and from MgH band, could be accounted by making changes in the adopted stellar parameters within the uncertainties.
The synthesized MgH band for the uncertainties on effective temperature that are +50K
and −50K, provides the best fit for the Mg abundance which is about 0.3 dex and 0.5 dex -36 -lower than the Mg abundance from Mg i lines, respectively (see Table 6 ). Similarly, the MgH band is also synthesized for the uncertainty on the log g value that are ±0.1. For the log g values, −0.1 and +0.1 of the adopted log g, the synthesized MgH band provides the best fit for the Mg abundance which is about 0.3 dex lower than that derived from the Mg i lines, respectively (see Table 6 ).
Similar excercise was done with the uncertainties on the microturbulence; The strength of the synthesized MgH band show no appreciable difference with the change in microturbulence.
Discussion
The aim of Hema & Pandey (2014) The four stars that were identified as H-poor, were confirmed by the spectrum synthesis.
Though the accurate stellar parameters and the metallicity were available for the program stars, the Mg abundances were not known. In this study, the stellar parameters and the elemental abundances, especially the Mg abundance from Mg i lines, were rederived using the high-resolution spectra of the program stars obtained from SALT-HRS.
In the observed high-resolution spectra, initially we looked for the strengths of the -38 -couldn't be detected in the spectra of these stars, due to poor signal at about 4300Å. Hence, the analyses is based on the strength of the (0,0) MgH band in the observed SALT spectra.
The two stars are mildly H-poor as expected. According to Hema & Pandey (2014) Similarly, for LEID 61067, a normal (H-rich) comparison star, the best fit of the synthesized spectrum of the MgH band, for the star's adopted stellar parameters, to the observed spectrum is obtained for the Mg abundance of 6.85 (see Figure 7 ). This Mg abundance from MgH band is about 0.15 dex less than the derived Mg abundance from the Mg i lines.
This difference in abundance is within the uncertainties, which is about ±0.1 dex on the derived Mg abundance from Mg i lines.
For LEID 39048, a candidate H-deficient star of our sample, the best fit of the synthesized spectrum of the MgH band, for the star's adopted stellar parameters, to the observed spectrum is obtained for the Mg abundance of 7.0 dex ([Mg/Fe]=0.02 dex) (see Figure 8 ). This Mg abundance is about 0.4 dex less than that derived from the Mg i lines.
This difference between the derived Mg abundance from Mg i lines and that from MgH band is greater than the uncertainty on the Mg abundances from Mg i lines. The spectra were also synthesized by changing the stellar parameters within the uncertainties, the derived -39 -Mg abundance from Mg i lines and that from the MgH band do not match even within the uncertainties. The Mg abundance required to fit the observed spectrum for the adopted stellar parameters and the uncertainties on them, always require the Mg abundance that is lower by about or more than 0.3 dex than that derived from the Mg i lines (see Table   6 ). This difference between the Mg abundance from Mg i lines and the MgH band is not acceptable, as the Mg abundance from Mg i lines and that from the MgH band are expected to be same within the uncertainties (as seen from the analysis of the spectra of the normal comparison stars -see above).
Similarly, for LEID 34225, another candidate H-deficient star of our sample, the best fit of the synthesized spectrum, for the star's adopted stellar parameters, to the observed spectrum is obtained for the Mg abundance of 6.28 dex ([Mg/Fe]=−0.3) (see Figure 9 ).
This Mg abundance is about 0.4 dex less than that derived from the Mg i lines. The spectra were also synthesized by changing the stellar parameters within the uncertainties. The
Mg abundance required to fit the observed spectrum for the adopted stellar parameters and the uncertainties on them, always require the Mg abundance that is lower by about or more than 0.3 dex than that derived from the Mg i lines (see Table 6 where Li is destroyed. Therefore, He-rich stars should have a very low lithium content. In their sample, they have found a lithium abundance which is lower than that expected for these metal-rich subgiants (see Pancino et al. (2011) for details). Hence, it is an indirect clue that, the metal-rich subgiant stars are He-rich. A detailed spectroscopic studies are not available for horizontal branch stars. However, the helium enhancement in horizontal branch stars may also be due to helium-flash or any other processes, and may not be wholly intrinsic (Moehler et al. 2002) .
Conclusions
This study based on the evaluation of the strengths of the MgH bands in the observed high-resolution spectra and for the stars' adopted stellar parameters, confirms that LEID 39048 and LEID 34225 are mildly H-deficient/He-enhanced. Discovery and the detailed abundance analysis of these stars provides a direct evidence for the presence of He-enhanced metal rich giants in ω Cen. These stars provides crucial link to the evolution of the metal rich sub-population of MS, sub giant and red giants.
All of the observations reported in this paper were obtained with the Southern African Large Telescope (SALT). We thank the anonymous referee for a constructive report that improved the presentation of this paper.
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